REMARKS 



A Substitute Specification and Abstract is submitted herewith to place the case in better 
English form. The Substitute Specification and Abstract contains no new matter. In order that 
the examiner can satisfy himself in this regard, also submitted herewith is a marked-up copy of 
the original Specification and Abstract from which the Substitute Specification and Abstract was 
typed. 

Claims 5 and 6 presented here for examination were rejected in the parent case for 
obviousness over Uehara et al in view of Bacchi et al. See the Information Disclosure Statement 
submitted herewith. The rejection is believed to have been based on the erroneous impression 
that Uehara disclosed all of the structure recited by claim 5 other than the pulley ratios. In point 
of fact, as can be seen in Fig. 8 of Uehara et al, for example, the robot is located just in front of 
the processing chamber 104 and the center point of a substrate held by the hand (holder 43 or 46) 
does not move linearly on a straight line parallel to and spaced from a line passing through the 
pivotal center of the robot, in an arbitrary direction within the accessible range of the hand, 
whereby the substrate can be inserted into and removed from the processing chamber 104, as 
required by claim 5. 
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® ' SPECIFICATION • fl 



SUBSTRATE CONVEYER ROBOT 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a robot for conveying a. substrate, 
for example, a substrate convey er^ robot suitable for use in conveying a 

semiconductor wafer substrate tofeind over tola container such as a 

' V & ' - ' — ' 

cassette, and talaacgit out from the container. - 

Related Art 

Conventionally, /there has been a generally used~~/toafer substrate 

l_- >W f 

conveyer robot of the belt link type giat possesses^ an arm 

expansion/Contraction^echanism with^three arms of jfirst through/ajthird 

arm? in which the gear^atejof the pulley furnished on the rotation spindle of 

each arm is 2 : 1 : 2. This type of robot conveys the substrate horizontally 

by the control of only two axes. One of them is a robot 

advancing/retreating axis R for.linearly advancing and retreating the third 

arm by the belt link mechanism, and^otherlone is a robot revolving axis 

0 for revolving the rotary base . of the robot. Further, with SI 

lilting/lowering yoperationj pf ^3 whole/ arms, the robot^erforms the/ 

^handover and takeout ofjthe substrate to and from the cassette. 

In general, a substrate conveyer robot 01 possesses /(he) 



. — r , arm 



expansion/contraction mechanism composed of three arms 05, 07, 09, and 
the two control axes, v the robot revolving axis 9 and the robot 
advancing/retreating axis R. As illustrated in Fig. 11, the center of the 
substrate 030 held by a hand 010 fixed on the third arm 09 advances and 
retreats along a straight line Jp that passes through the center of a rotary 
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shaft (- a first spl£dle; this is positioned on the. sal£^ axis as the robot 

revolving axis 9 )' of the first arm 05 # ^ereby7the substrate conveyer robot 

01 is designed to convey and£fiand overlthe substrate 030 only^ a cassette 

032 that is disposeo^ojface^ffiejront thereof towartfjthe line JO. Here, the 

straight line J 0 coincides with the robot advancing/retreating axis R. 

,5 shaft , . 

The cassette 032^rin^hva quadrangle, and permits the substrate 

030 to be inserted^ only from one direction^vertipaj to^a^apertuf^ plane sflfc 
thereo^«a4jSn*case of the conventional robot with two axes, as illustrated 
in Fig. 11(a) through Fig. 11(c), the robot 010 or cassette 032 has been 
required to be disposed in such a manner that the center line of the cassette 
032 perpendicular to the aperture plane /EEer eof always^passes through the 
robot revolving axis 9 (the pivotal center).£And, first of rotation 
base 03 is rotat^ around the robot revolving axis 9 ,/and/the third arm 09 
^i^positioned^gkjn^^nt ofjge^cassette 032. ^ext^J&e third arm 09 is 
^movedt^ advance an^etrejajHnearly along £he robot advancing/retreating 
axis R (the straight line JO), therebv/J^ding^o^^and taking out the 
substrate 030 to and from the cassette 032, In other words, the control of 
the rotating movement around the robot revolving axis 9 and the control 
of the advancing and £retreati^ movement along the robot 
advancing/retreating axis R have been carried out sequentiaUy,£and^not 
simultaneously. : 

As described above, most of the conventional robots possessing two 
control axes, the robot revolvin g axi s 9 and the robot advancing/retreating 
axis R,/were not assumed to7coinbine the_eontrol ofFthe rotating movement? 
around the robot revolving axis 0/and the7 control of the advancing and 
Tretreatnig movements along the robot advancing/retreating^ axis R, 
simultane ously Therefore^ the conventional robots could only/convey to? 



^hand overf and^take oufl the substrate to and from the cassette that is 
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positioned in a rac&^manner to (La other-words, posited right in front o£) 
the robot revolving axis 9 . 

Therefore^mo|d^jor the robot t o/main tain &eJcontroiyfo convey w 
Jjand over] and^take^i^the substrate to and from the cassette, even in case 
the cassette is positioned /go as to face right_to) an arbitrary straight line 
deviating from^tiie robot revolving axis 9, there was no^thej wayj£han]to 
use such a robot^that gjhsclosed in Japanese Patent Laid Open No. Hei 
11(1999) - 33948 Pubhcation. This robot adds one axis to the foregoing two 
axes (two control axes) to freely control the position and direction of the 
hanc|jengaged with^the last arm in the horizontal plane. 

However, the use of the robot disclosed in the above/ pubhcation 
required an extra^ri ving sourceTfor drivmgnhe^n^axis/addedp and/nade / 
«^lh^/fcontro^Q om.phcate^ /^t the same tim^thu^raisin^thecost. 

The sutistratedonveyer robot illustrated in Fig. 11 is a single arm 
sequence type* possessing one sequence of/ an arm expansion/contraction 
mechanism composed of three armsY^^teo; a double arm sequence type 



substrate conveyer robot that pessesses Ctwo sequences) (a pair)^bilaterally 
symmetrical arm ej 
as described above. 



symmetrical arm expansion/contraction mechanisms *fias the same problem 



SUMMARY OF INVENTION <t/ j ,1 

The present invention has been made£in] view^fjsolving the above— Je^r^ 



problems^a|Jthe conventional substrate conveyer robotpossesses? and an . 




object of the invention is to provide a substrate conveyer robot that can/Ban 

/Ever) and /take outfla substrate to and from a container disposed in an 
c — A — ^ne^jfi^ 
arbitrary position and/foection/within an accessible range of the robot hand, 

with aiiumber of^e^control axe sjas sm aller as p ossibl y at a low production 
cost. " • ' : ••■ '' '• ' :'■ 
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lb accompfes the foregoing object, according*!* one aspect of the 
invention, the substrate conveyer robot is provided with a rotalf^base 3 
V driven^Eorotatelby a first motor Ml inside the body of the robot, which has a 
/-pivotal centg Q£n| which a first spindle ^p'rotrude^in a state^dnferent) 
toj&ie rotation of the rotat*4a-b 
/Divotal center/ Q Jon an upper part 




rrotatejby a second motor M2« fine end of a first arm 5 is attached to the first 
spindle 4(/k second spindle 6^protrude^en' the other end of the first arm & 
state fogfferent to/the rotation of the first arm 5, which is rOtated>jf a 
geaxjrktej2 : 1 by way of pulleys and a timing belt inside the first arm 5^ 
^accompanied with the rotation of the fii^st armj^Qne end of a second arm 7 
is attached to the second spindle a third spindle protmde^a'the 

Tttr 'mmftoront to tf 



other end of the second arm 7 in a otato ^nffittoront Uuiit rotation of the 

second arm 7, which is rotated^ a gear_rirfe 1 :■ 2 by way of pulleys and a 

timing beltJnside the second arm 7^accompanied with the rotation 

gecond arm^7jjj distance between the first spindle 4 and the second spindle 

6 is equal tojja^hstance between the second spindle 6 and the third spindle 8f7, 

Q>ne end of a third arm 9 is attached to the third spindle a hand 10 for 

holding a. substrate is firmly attached on the other end of the third arm 9f 7^ 

Jand, whegthe/TMationNangle/)f the rotation base 3^represented by 6 and 

the/fotatiohsangl^f the. first arm 5 is represented by <j>, a control device is 

provided , which controls the/fotationNangle^^ and 0 in such a manner / 

thatyrf center point of thersubstrate held by the hand 10,Jdeyiatmglfrom the 

pivotal center Q, moves linearlyHo the body of the robot on the straight line 

Kin an arbitrary direction within an accessible range of the hand 10, and 
. *s i~t&* rT<J f/ik> r-cxaved 

the substrate is /handed over^and^aken out to and7from a container, while 

the substrate is being rotated; . 

The substrate conveyer, robot with the above construction is^the^ 
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SQ-called single arriV¥equence type substrate convey er -xiiiot having a single 
sequence/oFaiJ arm expansion/contraction mechanism that contains the first 
throughj^third arms 5, 7, and 9. The control device controls Si^rota^n 
£angley B of the rotation base 3 provided in the body of the robot and the 

^r^atio^Vangle^^ of the first arm 5, in such a^inner that the center point 
of the substrate held by the hand lOTdeviating) from the pivotal center Q 
moves linearljrto the body of the robot on the straight line H in an arbitrary 
direction i within the accessibly range of the hand 10, and the substrate is 

/handed over7andyfaken out to and] from the container, while the substrate is 

being rotated. Therefore.^vhen compared wit^ the conventional single arm 

sequence type substrate conveyer robot, the invention /canlprovide* a 

substrate conveyer robot that can^Eand overjanytake oufjthe substrate to 

and from the container disposed in an arbitrary position and direction' 

within the accessible range of the hand 10 of the robot, without increasing 

the number of^he^control axes, at a low production cost. 

Further, in th£ foregoing construction, the control device preferably 

controls the rotation angles Q and (j> each so as to satisfy: 

{m + 2 Lsin (0)} sin (0) =h (constant), ; i 

'/3 ? pacta 

where it is assumed that, the center point of the substratejtfeviateS from the 

^^^^ j % m 

pivotal center Q by a constant distance h, and moves linearly^to the body of 
the robot on the straight line H in an arbitrary direction within the 
accessible range of the hand 10, and that the distance between the first 
spindle 4 and the second spindle 6 and the distance between the second 
spindle 6 and the third spindle 8 are represented by L, and^f distance 
between the third spindle 8 and the center of the substrate is represented by 
m. As the result, the combination control of thesg<rota&m\angles/fl and 



<f> becomes very simplejm whicB7the center point of the substrate held by 

_ trps<W / j ) relative. 

the hand lO.gevfatingpom the, pivotal center Q,|moveiln>early v to the body 
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of the robot on the -straight line H in an arbitrary^ Mrectipn within the 

accessible range of the hand 10, and the substrate is/nanded over7and7EakenJ 

re*0V<-\ _ + — L — J-~J 

Jout to anj from the container, while/J^e substrate_ij being rotated. 

According to another aspect of theinvention, the substrate conveyer 

robot is provided with a rotatiea-base 3 v driven^rotate)by a first 




motor Ml 



in which first 
oi the rotateee- 



3t^J~ j/?^cec/ — ->J 

base ^ whicljare/positioned /to be offset outsideTby^ an equal distance x^ 

symmetrically jwith resfeTtolthe pivotal center Q bn an upper part of the? 
j-fotation base 3, an d ; each >^e^ogven^o rotatgby second motors ^2, M2^on^ re^fce^ij 
/s?/vT ends of first arms 5, 5' are^2ac^d to the first'spindles 4, 42fsecond spindles , , 

6, 6 /arejprotrudea/on .the otMr}ends of the first arms 5, 5' Kk a state? / 
^differentto ^rotation of the first arms 5, J^which are rotated eachbjf a 

geax^ecte 2 : 1 by way of pulleys and timing belts inside the first arms 5, 5', 

^ '-~f± 

Ea^seiBjraBae4^ uf ll i tt fiibl arm s 5^ ^ ^a ends of Second 

arms 7,, T are attached to the second spindles 6, GZ third spindles 8, 8', are 
-<*T „ 0gpoj>T< , TLTrcf is P "idle. * 




^ns roTJtsty the rotation of the second arms 7, 7\^hich are rotated eachjjjja gear ra*eV/f?0 «p 
1 : 2 by way of pulleys and timing belts insidejjie second arms 7, 7', 
accompanied with the rotation of the second arms 7, T, ^distance between 



the first spindles 4, 4* and the second spindles 6, 6' is equal to^jlistance 
between the second spindles 6, 6' and the third spindles & 8* ew^ends of 
third arms 9, 9' are attached to the third spindles . 8, 8/Thands 10, 10' for 



fa ^ 



holding substrates are firmly attached on th^the^ends of the third arms 9, 

9|^ntersj>f ^e^ubs^tes^ach^held by the hands 10, 10' are positioned7Jo] 

^bejoffset^sidelby an equal distance x^oj the. third spindles 8, 8',jm_af<3M.d 

/direction opposite to -the direction in whichl the first spindles 4, 4' areX 
L — — (jr&<J tal l y <»uh^a^} ■!. .-••—/ J- — JS V 

^positioned to^bj offset ^utgde^V the^p^ajjuistance x^ symmetricall ^)Jbo^the 

'6 

d£ST AVAILABLE COPY 



pivotal center <&0§ jv$ien) th^tation^ng^/of t&rotat»n base 3^J 
represented by 9 and the / *5!aSo5 s San^e^?of the first arms are each 
represented by 0, </> ', a control device is provided which controls the 

„ ^ ,4. . 

rotatioflsa ngles / 6 and q>,. 0', in such a manner that center points of the 

substrates held by the hands 10, 10', deviating) from the pivotal center Q 

move linearly v to the body of the robot^njfie straight lines H, H'in arbitrary 

drrections^thin accessible ranges of the hands 10, 10', and the substrates 

areyhanded over/and^aken out to ancTfi om a container or containers, while 

fflie substrates arejbeing rotated. 

— ' 

The substrate conveyer robot with the above construction is Jt^pJ 

so-called Rouble arm sequence type substrate conveyer robot having two 

sequencesja pa^of arm expansion/contraction mechanisms, which contain 

first through third arms 5, 5', 7, 7', and 9, 9' respectively, in a bilateral 

symmetry. The control device controls th^rotatioik^ang^^ of the rqta^k^ 

base 3 provided in the body of the robot and th^ota^r>angles5^ , 0' of 

the first arms 5, 5', so that the center points of the substrates held by the 

hands 10, 10', fljmatinj from the pivotal center Q, move linearlyvto the body 

of the robot^en-jfhe straight lines H, H' in arbitrary directions jrithin^h^ 

accessible ranges of the hands 10, 10 ? , and the substrates are!TiMide<f over) 

re^v^o , I — 

any taken out t o ana /from" the container^), while/the substrates are/being 

mi ~r ^ ~* <^>rCtrssT"fA L- — J 

rotated. Therefore, Mien compared with J the conventional double arm 

sequence type substrate ebnveyer jobot^he invention provide a 

substrate conveyer robot that can/Sand over) and/6ake outjthe substrates to 

and from the containers disposed in arbitrary positions and /directions 

within the accessible ranges of the hands 10, 10' of the robot, without 

increasing the number of the control axes, at a low production cost. 

Further, in the foregoing construction, the control device preferably 
S\ 



controls the^^ti^ fiiid 0 , tfVj each so as to satisfy: 
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or 



{m + 2 Lsiri^)} sin (0)=h (constant), : •• W 



{m + 2 L sin (</>')} sin (6) = h' (constant), *jQT"~/* 



ar<L o27$e.\ 

where it is assumed that the center points of the substrates£eviate7from the 

pivotal center Q by constant distances h,h', and move linearly^o the body of 

the robot on the straight lines H, IT, in arbitrary directions within the 

accessible ranges of the hands 10, l^^andJhaJjEhe distance between the 

first spindles 4, 4' and the second spindles 6, 6', and the distance between 

the second spindles 6, 6' and the third spindles 8, 8' are represented by L 

and^P distance before the offset between the -third spindles 8,' 8' and the 

centers of the substrates is represented by m. As the result, the 

eombmation»control of these/^otationNanglesy© and <j>, 0' becomes very 

_ ujT/A n / 

simplejn whichjthe center points of the substrates held by the hands 10, 10', 

^.eviatin|from the pivotal center ^move^Tinearlyto the body of the robo^6n j!* 

the straight lines H, H' in arbitrary directions within thejiccessible ranges / 

of the hands 10, 10', and the substrates are^Eanded overjand/taken outtfl 

an$ from the containers, while^e substrat es ar^ being rotated: 

BRIEF DESCRIPTION GF THE, DRAWINGS . . 

Preferred embodiments of the present invention will be described in 
detail based oh the following drawings, wherein 1 

Fig. 1 is a schematic vertical sectional view of a substrate conveyer 



robot^felating to tj^first embodiment of the invention; 

Fig. 2 illustrates Jthe state in which the substrate conveyer r obot^ 
Relatin g toj the first embodiments us^djin' various operational modes; 

Fi g^ explains the operation^mecha nisn^ of the substrate conveyer 
robot/relati ng toj the first embodiment; 

Fig. 4 iUustratejTt^ various operational states of the substrate 
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conveyer robbt^la^ig tojthe fii^t embodiment in an ouSrlapped manner; 

Fig. 5 illustrates v the various operational states of the substrate 
conveyer robo^latingto/the first embodiment^eparately by each staj 

Fig. 6 is a schematic vertical sectional view of a substrate conveyer 
robo^elating to thelseqpnd embodiment of the invention; 

Fig. 7^1ustratesy a skelegri in th^ initial state of the substrate 
conveyer roboyfelaang to) the second embodiment; 

Fig. 8 /fflustrates? a skeleteBf^S^ expl ainin g the operational 
mechanism of the substrate conveyer robot plat ing toj the second 
embodiment; 

Fig. 9 is a perspective view of the substrate conveyer robot^elatin^ 
^t^the first embodiment shown in Fig. l; ' 

Fig. 10 is a perspective view of/the substrate conveyer robo^^atin^ 
^to^the second embodiment shown in Fig .6; and, 

Fig, 11 illustrates an example oiffieybonventional substrate conveyer 

robot. 

DETAILED DESCRIPTION OF THE INVENTION . ,, Mu > fccckjcriUi r ^~« 
/_Next, th^ first embodiment of the inventioiy ^cloocd in the fira t an ^ 
^h^eeomhd-fiimfi of tho npplirnli^n, ilia strafed Jiffiig. 1 through Fig. 5, and 
Fig. ^will be explaine^ _ 

The substrate conveyer robojrelati ng tj fthe first embodiment isjthe^ 
so-called single arm sequence type substrate conveyer robot that possesses 
^nepequence^f anjrarm expansion/contraction ^ mechanisn^^taiiiin^three 
arms fiF the first through the third armip which is used, for example, for 
conveying a semiconductor wafer substrate .^^osd^f such a substrate^OTOs^ 
jxra disk, and has an orientation flat (a part cut off^Ktraight line on the 
edge of the disk) that is used fof positioning, etc., formed on one part of the 
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circumference. 

„ ..; it* ' 

As illustrated y Fig. 1,0} substrate conveyer robot 1 of the first 

embodiment fis furnished inside) a robot body 2 with a rotation base 3 havine 

a pivotal center Q, which Y ls^driven JShd rotatedfty the first motor Ml via a 

/ reduction gear G^The rotation base 3 is rotate^ around the pivotal center 

Q. The first motor Ml is housed and fixed inside an elevation base 55 

installed beneath the rotation base 3 . . «■ 

-Inside the body of the^tationjbase 3, a second motor M2 is fixed on 

M upper part thereof. A^first spindled di^osed on the same axis as the 
... ' S -J' a ' Ply L Syr 

(0 . pivotal center Q^^^is^drive n/and r otSted ^ by this second motor M2 via a 

reduction gear G2^pr0trudes from the upper part of the body of the rotates 6 



base fyfi aji stat o 4ndepe»teHt ^ the rotation of -fch e rotation ba ae -fl? *.^ / 

Therefore, the firstspindle 4 will^evolve by} the rotation of the rotati^base 

3, but^h^rotatioi^SuseSby the second motor M2 will not be influenced by 

I *> the rotation of the rotaf§Sr/t)ase 3. 

The first spindle 4^s^mly attached on one end of the firit arm 5<J/^ 

TAnd,*M second spindle 6yf)rotrude§independently of the rotation of the first 

— " J is mai>n\ t ') . =T 

arm S^ori the other end of the first arm 5, Im^he second spindle 6 is rotated 
'<5L rJTiO 

by^e^gear^at§ of 2 ': 1 via pulleys 11, 12 and a timing belt 13 inside the 
body of the first arm 5,^ccompanie3 with the rotation of the first arm 5. 

The pulley 11 isgade up with theTupper part of the rotatiwKbase. 3 , 
whose diameter is reduced, and this reduced diameter^arfjis^trudeo^ 
inside the first arm 5 Iscras not to escape therefrom]. The reduction gear G2 
is received^dthj spa^gfrom the reduced &ameterjpartf The pulley 12is $-or/n 
^made up with ttiejlower^gart^f the second spindle 6^hos^diam^r^5_J 



^enlarged, and this larger diameter part} is received inside the first arm 5 gpj 



/as not to escape therefromJThe second spindle 6 is formed/mtoya hollow 
cylinder withja stagjf The timing belt 13^is putjo^between the pulleys 11 / 



an e yfe r/af abac/jet*. 

"■ in Ac**.- 
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and 12, and the geaTfaJg of these pulleys 11 and 12 is f ; '1. 

Therefore, if the first arm 5 is rotated^>ftHe angle/ofj 0 ^ith the] 
Jnrst spindle $ by the rotation of the^first swindle 4 that is drive njto ro tate*) 
by the second motor M2, the rotation^fjlne angle 0 will^efati^^ travel 
the timing belt 13 on the pulley 12 the same length as the length that the 
timing belt 13Jelativ^ travels on the pulley 11, so that the^amoUntjif] 



rotation of the second spindle 6 gu b4H l by LliL Uavul of the timing beltj gj 
will be 2 0, which is twice the^otatio^vangl^0 of the first arm 5 (the first 



spindle 4), and th^^otatio^sdirectio^/4hereof will be opposite to the 
Fotatinnj^direction jj^d^n^starm 5. / 



-ffte portion exle.*^ 

^^flTsmaller diameter jparj of the second spindle 6, which^otrudesj 
from the other end of the first arm 5, is firmly attached^ one end of the 
second arm 7. '^asd^u the other end of the second arm 7, a third spindle 8, nffafeMl* 
hs provided to project out in a state indifferent t othey otatioqffi movemeji^of 
the second arm 7, ^herein the third spmdleJJ is rotated^ thg gearra€e of 
^> 1 : 2 by way of pulleys 21, 22 and a timing belt 23, inside the second arm 7, 

^^compahied with the rotational:==mevement of the second arm The 
distance between the second spindle 6 and the third spindle 8 is jmade") 
identical to the distance between the first spindle 4 and the second spindle 
•6. • .:• 

The pulley 21 isJmade up with /a cylindrical part integrally formed 
</;JTaf * — —J ^snd 

with the^othe^ end of the first arm 5/thafJ protrudes upward, and this 

cylindrical part is/intruded? inside the second arm 7 Jso a s not to escape/ 




/with a spacing tc? the^yllndncal paxjt, and it yp"rotrudes"oul 

ifUi< ,v k#r*T*t,lc — ' 

end of the first arm ^independently of the rotatioiial movemenDof the first 

at? <A ^^^^^i~^^^%?3i S ^^ e <^ ™!§™ e loWer££aryof the thigj spindle 8 y « 
j^hose^diameterJs>e^Iarge^ Th'e third spindle "8 is formed^lntoja hollow 
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cylinder with aT^aggf, and the larger diameter fcartfaower part) of the third 

spindle 8 is received inside the second arm 7^o as no^o^escap?tWefron? 

The timing belt 23 Es 'put o3 between the pulleys 21 and 22, and the trear 
ta.fi o - — 

frat^of these pulleys 21 and 22 is 1 : 2. / ~* 

Therefore, if the second arm 7 is rotatedg thjj angle of 2 '^^ththe^ 

jjecond spindle Grby jiel rotation of the second spindle 6, the rotation of the 

angle 2 0 will £elative^traveFthe timing belt 23 on the pulley 22 the same 

length as the length that the timing belt 23 Felatively)travels' on the pulley 

2 1, so that the &ndtint_o^r6tatioh of the third spindle 8 caused by this travel 

of the timing belt 23 will be <f> , that is, half the rotation* angle 2 $ of the 

second arm 7 (the second spindle 6), and the rotational direction thereof will 

be opposite Jtojthe rotational direction of the second arm 7, This indicates 

that the third spindle 8 does not change the attitude of its own, even with 

the rotation of the first arm 5. Moreover, since the distance between the 

second spindle 6 and the third spindle 8 is the same as the distance between 

the first spindle 4 and the second spindle 6, the pivot P3 of the third spindle 

8 will always be on the straight line J that passes through the pivot PI of 

the first spindle 4 (and this pivot Pi coincides with the pivotal center Q). 

In Fig. 3, for example, when the pivot P2 of the second spindle 6 is 

transferred to P2i with (the/ rotation^ the pivot P3. of the third spindle 8 is 

transferred to P3i^with-,the rotatioi], but the point P3i will still be on the 

straight line J. This straight line J is perpendicular (77 = 90° ) to the 

straight line that connects the pivot PI of the first spindle 4 and the initial 

position P2 0 of the pivot P2 of the second spindle 6 (refer to Fig. 1, Fig. 3, 

and Fig 4 (a).). Also, this initial position P2o is a point to transfer the 

position in accordance with the^otation^angl^fe of the rotation- base 3 on fl»*e 

jk€x y absolute coordinate, which will be described later. 

To 

One end of the third arm 9 is firmly attached^!' the third spindle 8. 
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And, the hand 10 ffe holding the substrate 30 is fixed olf the other end of the 

.1 it 

third arm 9. As described above, since the third spindle 8 does not change 
attitude even with the rotation of the first arm 5, the third arm 9 and 
the hand 10 will not change their attitudes with the rotation of the first arm 
5. • • • ' 

In the first embodiment, the pivot (center point) P4 of the substrate 
30 held by the hand 10 as well as the pivot P3 of the third spindle 8 is 
always on the straight line J that passes through the pivot PI of the first 
spindle 4 (the pivotal center Q). This /constant straight line Jyforms nf a 
fixed straight line on v the relative x' y' coordinate system that is assumed to 
be on the rotatwiirbase 3. The distance R from the pivot P4 of the substrate 
30jbeihg always on the straight line <^to the pivotal center Q indicates the 
amount of extension of the arm expansion/contraction mechanism, and is 

regarded as an important measure for the /operational amount of handing) 
re mo v&a 37 *~ — J 

fover and taking outfthe wafer substrate 30 to and from the cassette 32 (refer 

... 1 a&Uof , 

to Fig. 4). Since the amount of extension is determined by thFrbtation^i 

/^ount)of the first arm 5> it can be controlled by controlling theTrotationaU 

amount "of the second motor M2 that ^drives^ojotatej the first spindle 4. 

The straight line J corresponds- to the robot advancing/retreating axis/R?in 

the substrate conveyer robot 1 possessing the two control axes, namely the 

robot revolving axis 6 and the robot advancing/retreating axisM 

Fig. 3 explains each operation of the rotatien- base 3 and the arm 

A, av,rt£ 

expansion/contraction mechanism y6ontaining three arms from/ the first to 

^hejthird 5, 7, and 9,^&n] the*x y absolute coorchnate^at_is| estabhshed /on '.. 

the installation surface of the substrate conveyer robot 1, and also explains 

the mechanism of the ultimate movement of the/Qvo£|P4 of the substrate 30 

-tk*f>U*yeaf L 3 

along the straight line H on^this coordinate system as the result of the 
operation. Fig. 4 illustrates the' various operational states of the substrate 



Copy 



13 ^WAILABLS 



conveyer robot 1 /to operate based on this mechanisiii; in an overlapped 
manner with theMapse of time, ^sojJFig. 5 illustrates the same various 
operational states separately with thVtjlapse of time. 

As illustrated in Fig. 3, the straight line H does not pass through the , r 
$ pivot P 1 (the pivotal center Q) of the first spindle 4, and deviates from^WJ 
^pivot P 1 by a constant distance h. The straight iine J, as mentioned above, 
• is a fixed straight line on the relative x'y' coordinate system. Therefore, on 
the absolute x y coordinate system, the direction of the straight line J is 
dependent only on the rotation angle 0 of the rotation base 3. The pivotal 
/ 0 center Q that forms a rotational center of the rotation base 3 corresponds to 
the robot revolving axis 6 in the substrate conveyer robot 1 that possesses 
the two control ^axes, the robot revolving axis 6 and the robot advancing/ 
repeating axisM and forms the control axis when controlling the Jotationl 
angle v 6 of the rotation base 3. 

Now, on the absolute x y coordinate system, assuming that the 
/^otation^njgig/of the rotatdflfbase 3 representing the^fotatior^^Ssti^of the 
straight line J (the^rotati^Namou^of the robot hand 10) is givenjiy 0 , the 
/fotation^ang^of the first arm 5 (the first spindle 4)^easured on^the bas^] 
(-oQhe straight line Pi P2 0 is given>f ft, the distance between the first 
spindle 4 and the second spindle 6 (namely, the distance between PI and P2) 
= the distance between the second spindle 6 and the third spindle 8 (namely, 
the distance between P2 and P3) is given^itf' L, the distance between the 
third spindle 8 and the center of the substrate 30 (namely, the distance 
between P3 and P4) is given jsf m, and the distance between the first 
spindle 4 and the third spindle 8 (namely, the distance between Pl(Q) and 
P3) is given>y* r, and assuming that the center point P4 of the substrate 30 
held by the hand lOj^deviating by the constant distance h from the pivotal 



^center Q, makes aj linea^^o^em'eny to the robot body 2 on the straight line 



lyn/an arbitrary direction within the accessible range 61 hand 10, the angle 
^zT PI P2 P3 that the first arm 5 and the second arm 7 form is 20; and 
therefore, the distance R between the center point P4 of the substrate 30 
and the pivotal center Q (that is, the distance between P4 and Pi) is 
represented by: 

R ' = m + r = m + 2 L sin (<f>). 
/When representin^jhe center point P4 of the substrate 30 according to the 
orthogonal coordinate (x, yX ' / 

P4(x, y ) ;! •• ■ 

= P4(Rcos(0),Rsin (0)) : V j " 

= P4 [{m + 2 L sin ( <f>)} cos (0), {m + 2 L sin (<£)} sin (0)1. 
Accordingly, in order for the center point P4 of the substrate 30 to always 
travel straight^^nythe straight line H^eingJ parallel to the axis x, the 
^otatioflNanglesy 6 and 0 should be controDed by controlling the rotation 
^amountj of the first motor Ml and that of the second motor M2, so as to 
satisfy the following-* 

{m + 2 L sin (0)} sin (9 ) = h (constant) (formula l). 

The control device 40 (refer to Fig. l) controls each of the rotation amount of 
the first motor Ml and that of the second motor M2, so that the v rotation 
^anglesj 9 and </> always satisfy the above formula 1. 

Further/in this jas^ as illustrated in Fig. 4 (a) through Fig. 4 (d), 
and Fig. 5 (a) through Fig. 5 (d), the center point P4 of the substrate 30 
moves On the straight line H, while the whole substrate 30 is being rotated 
around the center point P4. The substrate 30 can convenienl^^e^ns^rted 
into the cassette 32 without colhding against or malting contac^/ w^th the 
inner wall of the cassette 32 during, the insertion, since the outline of the 
substrate 30 is circular except for the^one part (disorientation fla^par^. 
The same can be said for taking out the substrate 30 from the cassette 32. 
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The cassette 32 may be positioned in an arbitrary position and 
direction, as long' as it is within the accessible range of the robot hand 10. 
Moreover, since^tincludes a case such ^at^he straight line H used for the 
insertion of the substrate 30 into the cassette 32 (the travel locus of the 
substrate 30 during the insertion) does not pass through the pivotal center 
Q, as illustrate^ in Fig. 2 (a) through Fig. 2 (c), the wafer substrate 30 can 
bemanded ovey and taken ou^corf esponding to various positioning formal of 
the cassette 32?: Besides, ^in regard to the robot 1 with the configuration 
illustrated in Fig. 1, since the pivotal center Q, around which all the arms of 
the robot (the whole arm expansion/contraction -mechanism) revolve, and the 
pivot PI of the first spindle 4 are made to coincide with each other, the first 
motor Ml and the second motor M2^oul(p£ii^^ that the 

rotation angles 0 and <f> satisfy the very simple formula 1, thus making 
the control method very simple. / 

The substrate conveyer robot ijtelating^to the first embodiment 
further possesses an ascent/descent mechanism 50, which lifts and lowers 
the rotation base 3 and the whole arm expansion/contraction mechanism. 
The^ascent/^scpnt mechanism 50 indudes^/th^ third motor M3 being a 
giving source j^the mechanism, pulleys 52,. 53, and a timing belt 54. The 
pulleys 52, 53, and the timing belt 54 transmit the output of the third motor 
M3 to a ball screw mechanism 51. By the rotation of the third motor M3, 
the ascent/descent mechanism 50/bringsJ up and down an elevation base 55 
that contains the first motor Ml, thereby lifts and lowers the rotateea base 3 
that isTestablished/on the upper part of the elevation base 55, and the whole 
arm expansion/contraction mechanism verticaUyTlnTthe Z-axis ydirectioa 
Therefore, the substrate conveyer robot 1 possesses the robot 
ascending/descending axis Z as/^h^ third control axis,^other thanjthe two pn&f0U&/) 
^e^c^tMrJ control axes, The robot reVolving axis 9 and the robot advancing/retreating 
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axis^Et. As the resoit, the substrate conveyer robot 1 ii able to^omply witl^ 
plural cassettes 32 positionedJMdifferent height levels. r 

^focei^ttamfigured as described above, the first embodimen^eldsj 



In the single arm sequence type substrate conveyer robot 1 
^possessing one sequencejythe arm expansion/contraction mechanism that 



" " of. 

rough the third arms, 5; 7 and 9, the/rotatio^njgk / /6' 

of the rotata^base 3^Eat are furnishedj inside the robot body 2 and the 

^^otaSon^ngley^ of the first arm 5 are controlled by the control device 40 in 

such a manner that the center point P4 of the substrate 30 held by the hand 

10, peviating from the pivotal center q! moves linearly jto the robot body 2J 

on the straight line H in an arbitrary direction within the accessible range 

of the robot hand 10, and the substrate 30, while being rotated, can be 

^Tianded overjand £aken out to anct) from the cassette 32. Therefore, 

^compared withy the conventional single arm sequence type substrate 

conveyer robot, this embodiment provides an inexpensive substrate 

conveyer robot that cangand ove^and/take outfthe substrate 30 to and from 

cassette 32^ri ng^ disposed in an arbitrary position and direction within 

the accessible range of the robot hand 10, withou^ncreasinJTthe number of 

the control axes. Moreover, since the control of the/fotatiblr^ngle^^ and 

(f> by the control device 40^neuld^only£be the control suc^ that these 

<rOtation\angle>/0 and $ always satisfy the foregoing formula 1, the 

. r— ^ 0$J£& ■ ft " t< 

C^bmationNconteoy^ these^/foTation^-aii^es/^ and <t> be come^ ' 

extremely simple. 

a. — 

Next^^second embodiment of the invention ^chsv lOs^d In dahnJl/ 
j*^.claim_jLjifJlLe^^ will be explained with reference to Fig. 6 

through Fig. 8, and Fig. 10: , 

The substrate conveyer ^obot^latmgrCo the second embodiment, as 
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illustrated in Fig. 6 and Fig. 10, is configured as^eySo-called double arm 
sequence type substrate conveyer robot 1' that includes one pair (two 
sequences) of Jfyd arm expansion/contraction mechanisms in a bilateral 
symmetry, /which arg composed of three arm£>tfee first Jrm^through^giej 
third arri^spectivel^. 

In the arm expansion/contraction mechanisms of the arm sequences 
A and B^onfiguringythe double arm sequence, as illustrated in Fig. 6 and 
Fig. 7, the pivots PI and PI' of the first spindles 4 and 4' are placed at 

symmetrical positions to the pivotal center Q of the rotatie» base 3 to be - / / 
TWe^W\ are. frO'/t<Jed 

offsej^utside/by an equal distance x, and the second motors M2 and M^s 
the driving sources/^ furnished t67the first spindles 4 and 4', respectively 
Also, the center points^ 4 and P4' of the substrates 30 and 30j%aeh) held i) y 
the hands 10 and/fOJ ar^fjositioned to be^offse^sid^by the/equal'distance 
xftd]the pivot/ P^atod P3' of the third spindles 8 and 8', in a direction 
opposite to the direction in which the pivots P 1 and P 1' of the first spindles 4 
and 4' are^laced at tig symmetrical yosi tions rM the pivotal center QftZbe~] 
te by the pqiia^ di^tanL Trj rto the pivot ai centei Ql 




-4- There are several methods, of achieving the configuration/such thafl 

~ < — ' 

rone)ends of the third arms 9 and 9'Facb7are attached to the third spindle 8 
and 8' v and tnp nnnrlc 10 ctriA lifV fnr YtniAin.tr Uo mkow^sn ] on' 



and 8\ v and the hands 10 and 10' for holding the substrates30 and 30' are 
fastened on the other ends of the third arms 9 and 9', and as described above, 
the center points P4 and P4' of the substrates 30 and 30' are positioned/to be) 
offset inside by the equal distance x^to the pivots P3 and P3' of. the third 
spindles 8 and 8'. In short, the^ffse^Nan^i^f the centers P4 and P4' of 
the substrates 30 and 30'T;o the pivots P3 and P3' of the third spindles 8 and 
8\onlv/nee4atto be se^sidJtoo^I^n^Jdirection opposit£to)the direction in 
which the centers PI and Pi' of the first spindles 4 and 4' areMaced to be? 
offsetjoutsidejojthe pivotal ceii^er Q). As illustrated in Fig. 7 and Fig. 8, 
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"jtfrere is a method liTcusposing^the hands 10 and 10 ,v pM^)endicularly to the 
third arms 9 and 9', respectively, and^ositioning the hands 10 a nd lO ^along 
the straight line jJ<jvhidM^^ 

Here, the straight line J is a line connecting each of the centers P4 and P4' 

of the substrates 30 and 30' with the pivotal center Q, which corresponds to 

the robot advancing/retreating sod^tijas the controlaxis. 

The arm expansion/contraction mechanism of each of the arm 

sequences A and B in the double arm sequence type substrate conveyer 

of 

robot 1' of the second embodiment differs from that^m^the single arm 
sequence type substrate conveyer robot 1 of the-first embodiment in terms of 
9 £ YA- r the P °5^3a5^m^f aboviB - However, the configuration and the operation 
V do not basically differ from thOse of the first embodiment. The movements 
of the center points P4 and P4' of the substrates 30 and 30' on the strai|ht^ 
line J are also the same as those of the first embodiment. The rotalgon^ 
base 3 is shared by the arm expansion/contraction mechanisms of the arm 
sequences A and B/tor the revolution o^the whole^rm expansion/contraction 
mechanisms, and the/rotaHonVang^0 around the pivotal center Q (the 
robot revolving axis 6 ) of the rotatH^base 3 becomes the revolution angle°^ r*1*J* ar 
of each of the arm expansion/contraction mecbanisms^s^i^ 

As mentioned above, the movement of the arm 
expansion/contraction mechanism of each of the arm sequences A and B in 
the double arm sequence type substrate conveyer robot 1' of the second 
embodiment is the same as that of the arm expansion/contraction 
mechanism in the single arm sequence type substrate conveyer robot 1 of 
the first embodiment. The arm expansion/contraction mechanisms of the 
arm sequences A and B share the pivotal center Q : and use it alternately, 
thereby each being able to convey the substrates 30 and 30' toward the 
cassette 32, while the arm expansion/contraction mechanisms each rotate 
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the substrates 30 kiicl 30' independently .alternately. ai& move them on the 
straight lines H and H'^deviating fromjthe pivotal center (^rhich extend 
toward the aperture plane of the cassette 32. Naturally, this robot is%ble 
to perform a conveyance movement such that the center points P4 and P4' of 
the substrates 30 and 30' move on the straight line J passing through the 
pivotal center Q, in the same manner as the conventional substrate 
conveyer robot. 

^In^regard to the arm expansion/contraction mechanisms of the arm 
sequences A and B in the double arm sequence type substrate conveyer 
robot 1', the setting of the offset from the pivotal center Q of the pivots PI 
and P I' of the first spindles 4 andV^to^he amount described above, satisfies 



\ s Atx&.-6 

the following formulas, in the same manner as*the single arm sequence type 

substrate conveyer robot l: 

{m + 2 L sin (^)} sin (0) = h (constant) (formula l) 

or, •*:•'• • > ■ ' ' 

{m + 2 Lsin(0')} sin (0) = h' (constant) (formula 1'), 

where it is assumed that the distance before the offset between the third 
spindles 8 and 8' and the centers of the substrates 30 and 30' is represented 
by m. ... ;■ . ."■ • 

The control device 40' ^nlv/nee^^control the first motor Ml and the 

second motor M2, and the first motor Ml' and the second motor M2', by 

y \ off fbl* aiglcs Q§ 

turns, so that thyrotation^anjj^eyt? of the rotation-base 3 and the"rotation 

jangles] <t> and <t>' of the first aims 5, 5' always satisfy the above formula 1 

and formula 1'. Thus, the arm expansion/contraction mechanism of the 

arm sequence A can/Take oujfthe unprocessed substrate 30 from the cassette 

32 that is positioned in an arbitrary position and direction within the 

accessible range of the hands 10 and 10'V and the arm expansion/contraction 

mechanism of the arm sequence B can return the processed substrate 30' to 
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the cassette 32 j£ Aiy£. Of^ course, two cassettes ^an be used, one of 

which is used for containing unprocessed substrates 30, and another of 

which is used for containing processed substrates 30. 

Each of the members constituting the arm expansion/contraction 

mechanism of the arm sequence B and the other members is Jgivei^ thefinark 

C) on the symbol attached to each of the corresponding members 

constituting the arm expansion/contraction mechanism of the arm sequence 

a.n<J 

A and the other corresponding members, Tthereb^ further detailed 

explanatibi^of the double arm sequence type substrate conveyer robot 1' of 

the second embodiment will be omitted. / - -1*4 

Being configured a^mentioned/ above, the second embodimen^eldy 

the following effects. 

In the double arm sequence type substrate conveyer robot 1' 
& &a /> of arr& 
possessing v s}onmetricall ^/two sequences (a pair) o fjth^ arm expansion 

/contraction mechanisms composed of the first through the third arms 5, 5', 

7, 7, and 9, 9', th(y^ 3/^at^ar^ 

^furnisbe^ the robot body 2 and th^otatiOT^n^^? 0 and 4> y of the 

first arms 5, 5' are controlled by the control device 40' in such a manner that 

the center points P4 and P4' of the substrates 30 and 30' held by the hands 

10 and 10'; deviating from the pivotal center Q by the constant distances h 

and hy^ove linea^V^ac^oJhe robot body ^on the straight lines H and HP 

in arbitrary directioiisj^hin the accessible ranges of the hands 10,and 10', 

and the substrates 30 and 30', while being rotated, can beffianded oveyand 

/Taken out to any from the cassette(s) 32. Therefore, compared with the 
conventional double arm sequence type substrate conveyer robot, the second 
em^odimgnt provides an inexpensive substrate conveyer robot T that can 

Tnand ov^andlake outjthe substrates 30 and 30' to and from the cassette(s) 
32^bein^ disposed in arbitrary positions and directic^rwS^ the accessible 
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ranges of the xobo^^a^jO and 10^ without increasil^ the number of the 
control axes. ' - 

TBesidej, since the control of the>i^ation\^gle5^9 and 0, 0' by 
the^ntrol^device 40^6^ only^Be the control sucffjthat these^o tatio^ 
angles v 0 and 0, 0' always satisfy the foregoing formula^l and^a^d^ 1', 
the arm expansion/contraction mechanism of each of the arm sequences A 
and B is able to employ a common control method, thus making the 
combination control of these rotation angles 9 and 0 , 0' extremely 
simple. 
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The inyention provides a substrate conveyer robot that enables the 
conveyance,^andoyer7and J|Jkeout^a substrate, to and from a container 
disposed in an arbitrary position and direction within the accessible range of 
the j^ 11 ^ T ^ e substrate conveyer robots provided with the ro tation } 

base v ariven/o rotat^by a first motor inside the body of the ro^ttjwhichgQ*^ A 

^ rotated ln<l*p<s*t>J**4 «F 

a pivotal center. A first spindle is protruded in a state indifferent to a) 

rotation of the^rotatio^base, which is positiolo^a v co^xiafly/ with the pivotal 

Renter on an upper part of the rotation baseband i^ dn^enfto rotatejby a 
second motor, and one end of a first arm is attached to the first spindle. A ' 
second smndleJis protruded/ on the other end of the first arm^m a state? 

]^differeht_to) the rotation of the first arm, which is rotated by a gea rjTatg 2 : 
1, Accompanied with the rotation of the first armband one end of a. second 
arm is attached to the second spindle. A third spindle isfprotrudeoTbn the 
other end ol the second; armySn a state mo^ere^tjbojthe rotation of the 
second arm, which is rotated by a geaxpatejl ■ 2^ ^ac co mp anied w ith the) 
^rotatio n of the second anoo^ajv^ distance between the first spindle and the 
second spindle is equal to>r distance between the second spindle and the 
third spindle- One end of a third arm is attached to the third spindle, and 
a hand for holding a substrate i^rml^fattached on the other end^ofjhe 
third arm. Also, a control device is provided which controls the^rotation 

J angle^ 0 of theJrotatioSJ base and they^atiOTb\angl£/0 of the first arm in 
such a manner that the^center point of the substrate held by the hand, 

£(3eviating from the pivotal center by a constant distanc e hj|m oves linearly^tej 

£the body of the ro botjb n the straight line in an arbitrary direction^^biHr^m^ 

£ae^sible-r-ange^fthe^^ 

/out- to andfromH&erOffigu^ 
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